INTRODUCTION
With the rapid development of the automobile industry, the gluing of gear-box experienced from manual gluing to intelligent robot gluing. The gluing, navigation and quality inspection of glue-line are highly integrated in the intelligent robot gluing system [1] . However, the cost of the robot gluing system is very expensive, most companies choose soft model shape gluing device, and the quality control of line is performed by humans. Although humans can do the job better than machines in many cases, they are slower than the machines and get tired quickly [2] .
In order to realize the automatic quality inspection of the glue-line by machine vision, a new method is proposed on the condition that there is only one connected gluing surface and only one connected glue-line in the image.
II. LAYERED IMAGE PROCESSING
According to the content of the image, the processing of image can be divided into four layers as Fig.1 .
The first layer is block processing, which is applied to separate the image into many small blocks.
The second layer is ROI (region of interested) block detection, which is applied to confirm the small ROI block based on the predefined rule.
The third layer is ROI block analysis, which is applied to detect the suspected glue-line region in every ROI block.
The fourth layer is glue-line analysis, which is applied to connect ROI blocks to extract the glue-line and inspect the quality. 
A. Block Processing
The block processing is to separate image into a series of small blocks by the same size. For a specific object, there are some similarities among the every block of the object, and the specific object can be composed of a series of small block with specific feature. If the block is small, the block content may exist in many objects. On the contrary, if the block is big, the content is relatively complicate and cannot represent the commonness of the object [3] . According to the actual gear-box image, we separate it into several small squares with the size of 16 pixels, which is represented by block i , each block has one state, unprocessed, suspected, processed, unqualified or qualified. The initial state of block i is unprocessed. After the ROI block detection processing, some unprocessed blocks are marked suspected. And after the ROI block analysis processing, some suspected blocks are marked processed. At the end, the blocks which contain the glue-line are marked qualified or unqualified.
B. ROI block Detection
Through the analysis of the gear-box surface images, we find that the gear-box surface feature of different type of gearbox is similar, and the gluing surface is very smooth, which has the nature of strong light reflection. On the contrary, the glueline is relatively dark, and the qualified glue-line is in the middle of white area of gluing surface.
The purpose of ROI block detection is to find the small block matching the gluing surface feature in the image. The first step is the color space conversion. HSI color space is in line with human visual system, H represents hue, S represents saturation, I represents brightness, and they are independent of each other. With the definition of feature semantics of gluing surface, we choose I in the HSI space to describe the brightness feature. Given a RGB pixel, the HSI value can be computed as follows [4] .
The brightness level can be defined as table I. 
The second step is counting the pixel number of matching the predefined feature in every block. We defined the gluing surface feature as C b >T b , C b is interpreted as the count of pixel number which brightness value matching the very bright definition. If the count C b is above the threshold T b , the block is marked by suspected state.
C. ROI Block Analysis
According to the marked suspected image blocks, we find that some blocks do not actually belong to the gluing surface. Based on the single block, it is difficult to remove these blocks. We choose the connectivity feature of the gluing surface to do further analysis of the suspected blocks. We use the 8-connectivity method to analyze the suspected blocks. After the 8-connectivity analysis, some suspected blocks are marked qualified.
The ROI block analysis algorithm is shown in Fig.2 . S t is the threshold of connected block number.
D. Glue-line Analysis
In most cases, the glue-line is in the middle position of the gear-box gluing surface and the brightness of the glue-line is dark. With this feature, we can extract the glue-line from the suspected block. We separate the correct location of glue-line in the qualified block into six cases. It is shown in Fig.3 . We convert the block image into two value image I i by the threshold value of I t , It is the threshold value to separate the bright surface and dark glue-line. In the model, 0 represents bright pixel and 1 represents dark pixel. 
In the case of (a), we compute the vertical projection array A i (i=1, 2, 3, 4) of the two value image, A i = a 1i +a 2i +a 3i +a 4i , and count the number of connected A i which is equal to the block size. If the number is in the range of glue-line width value, the block is marked qualified. The similar process can be used in the case (b).
After the block processing of the gluing surface image, the glue-line may be separated into two blocks, such as the case of (c) and (d). Under this condition, we need to union the blocks by following rule. As far as the case (c) is concerned, the dark line is near the block's left side in the block 1 , we union the block 2 which is connected with the block 1 's left side on the condition that block 2 is marked suspected. The union block block 3 is analyzed by the method applied in the case (a). If block 3 meet the rule, the block 1 and block 2 is marked qualified. The similar process can be used in the case (d).
In the case of (e), the glue-line in the block is tilt, we make the vertical or horizontal scan, count the number of connected dark pixel, if the number is in the range of glue-line width, the block is marked qualified.
In the case of (f), because the dark point is at the corner of the block, we need to union other three blocks to compose a new block. According to the new block, the method applied in the case of (a),(b),(c),(d),(e) is adopt to analyze the glue-line.
The defect of glue-line can be separated into two kinds of situations. The first kind of situation is broken, shown in Fig.  4(a) , it is defined that the glue-line is not connected. We analyze the dark pixel's connectivity in the suspected block, if it is not connected, the block is marked unqualified. The second kind of situation is the location of glue-line is too closed to the interior side of gluing surface, shown in Fig. 4(b) . For example, when the dark connected pixel is on the right side of suspected block, if the right connected block is not marked suspected, the block is marked unqualified. The grid processing result is shown in Fig.5(a) , and the suspected blocks are shown in Fig.5 
IV. CONCLUSIONS
In this paper, a new kind of gluing quality inspection method is proposed. The method is suit for different type of gear-box, and the impact of gear-box location inaccuracy is relatively small. With this method, the condition for the inspection of any gluing surface with similar feature described in this article is to choose the proper light source. The experiment shows that the method is feasible and the quality of glue-line can be accurately inspected.
